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The ojchauBt eteam turbine » one of the moot 
modern of all forms of prime movers for electrical 
generating stations, has come into Tery general use 
within the last few years. Its wide adoption is due 
to its ability to efficiently utilize the exhaust steam 
from compound reciprocating engines, and it is being 
installed in a great many places where the latter form 
of prime mover is used. In addition to its high effic- 
iency, the combined unit permits the use of high pres- 
sures and high superheats, since the range of steam 
volumes is greatly increased by the addition of the 
turbine in which the steam is fully expanded. As a 
result this means a low water rate per unit output, 
the energy available per pound of steam being greatly 
increased. Such an installation may be made without 
any material increase of floor space or pipe connec- 
tions; while the output of the plant is greatly in- 
creased without scrapping any of the old machinery^ or 
inci^easing the boiler room equipment. 

The two exhaust steam turbines were in« 
stalled at the plant in which the present test was made, 
to increase the output of a pair of nominally 1300 H.P. 
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tanddm compound Corlise engines. The plant was for«» 
merly equipped with two generating sets, each consist- 
ing of a 500 K,W, direct current railway generator and 
a 500 K.V.A. 3 phase, 60 cycle, 4000/2300 alternator. 
These sets were driven on one end by a Victor water 
turbine, utilizing altogether about 2400 H.P, at this 
point on the Pox River. On the opposite end of each 
generating unit, the tandem compound engines were con- 
nected through clutches. In time of low water, and at 
peak loads, both engines and water wheels were connec- 
ted to the generators. The engines were operated con- 
densing, the cylinders being 19" and 40*^ x 36*^. To 
meet the change of conditions in operation with the ex- 
haust turbines, the engines have recently been modified 
by changing the high pressure cylinders to 22 inches. 
It was, however, the intention of the engineers to use 
the original cylinders, but due to the blowing out of 
one of the cylinder heads it was deemed advisable to 
replace the old cylinders by new ones which would con- 
form with the new operating conditions. 

The low pressure turbines installed are 1250 
K.W. 60 cycle Allis-Chalmers machines operating at 3600 
R.P.M.. with alternators delivering current at 4000/2300 
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TOltS. 

The object of this test was to show what 
results can be obtained in a composite plant of this 
kind as compared with a plant In which only reclpro^ 
eating engines or high pressure turbines are used. 
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XqUIFlOSHT 

Boiler Room^ The boiler equipment ooneiBts 
of two batteries^ each battery containing two 345 H.P. 
Stirling water tube boilers • These are of an older 
hand fired type and are not equipped with coal or ash 
handling apparatus. Toughlogheny screenings were used 
as fuel. A car track entered the building and allowed 
the coal to be dumped immediately in front of the 
boilers. This track was of such a length as to allow 
three cars to be unloaded at once. 

The water is pumped directly into the 
boilers from the hot-well by a pair of Prescott 12* x 
6* X 12* Potfoxm plunger pumps. No feed«-water heater 
is used. The total area of water heating surface per 
boiler is 3450 square feet. The steam is superheated 
by a Poster superheater^ whose area is 600 square feet 
per boiler. This giyes a superheat of about 140 de«* 
grees Pahrenheit at 150 pounds pressure. During the 
test only one feed pump was used, and the amount of 
water was controlled by a separate valve at each boiler. 
The steam was led from each boiler to a ten inch header 
in the engine room by six inch pipes. All pipes are 
covered with magnesia pipe covering. 
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Engine Room, The steam is taken from the 
header to the engine throttle by horizontal and verti- 
cal six inch piping* Just before entering the throttle 
the pipe is provided with a pop valve which is set to 
blow at a pressure of twenty pounds above normal. All 
engine room equipment is in exact duplicate in all de« 
tails» and for this reason but one of the two installa- 
tions will be described. The engines are tandem com- 
pound 22** and 40** x 36** with horizontal cylinders lagged 
with 2-1/2** covering of 65 per cent magnesia. The high 
pressure cylinder has a standard Corliss releasing gear» 
while the low pressure has no cut-off. The engine re- 
ceiver is supported horizontally above the two cylinders 
by the steam connections to the cylinders, which arrange- 
ment gives the minimum amount of pipe connections. The 
steam exhausted from the low pressure cylinder of the 
engine passes throtigh a Cochrane horizontal oil and 
water separator, which removes all cylinder oil and 
condensation. The water and oil is drained from the 

separator through a pair of Crane tilt traps. The 
separator acts as a small receiver from which the 
steam passes to the turbine. From the latter it is 
exhausted into a Prescott surface condenser containing 
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4500 square feet of cooling surface. No pump Is nec-» 
essary to furnish the condenser with cooling water, as 
the head of the river proTldes a sufficient flow by 
gravity from the flume at all times. The vacuum is 
maintained by a 10" x 18** x 16** Prescott positive dry 
vacuum pump which exhausts into the turbine receiver. 
The condensed steam was piamped from the condenser by a 
6 H.P. induction motor, driving a 2«l/2*» volute centrif- 
ugal Prescott pump, into weighing tanks, from which it 
passed to the hot well. 
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6XNBRAT0BS . 

The generating equipment, with the exception 
of the turbo • gen era tor, has already been described in 
the introductory paragraph. The latter was an Allis* 
Chalmera 1250 k.v.a. 4000/2300 Tolt, three phase, 60 
cycle alternator, 3600 R.F«1I. Bxcitation for the three 
generators was furnished by a water turbo-»driTen 125 
volt 32.5 k.w. machine. 

The steam turbine is of the Parson ^s type, 
as manufactured by the Alii s- Chalmers Company. It is 
connected to the engine by a twenty-one inch pipe, and 
to the condenser by a twenty*eight inch exhaust pipe. 
An emergency conneotion was also made with the turbine 
permitting live steam to be supplied in case of an 
accident to the engine. Oil is supplied to all bear-* 
ings by a pump direct connected to the turbine shaft. 
The oil is returned to the pump after passing through 
a water cooler and is then recirculated. When starting 
up, the oil is supplied to the oil relay gorernor by a 
small steam driven pump. The speed of the turbine is 
regulated by a governor driven from the turbine shaft 
by means of cut gears working in an oil bath. The 
governor operates a balanced throttle valve by means of 
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a relay. AdJuBtment of speed may be made while the 
turbine is in operation and thereby facilitates the 
synchronizing of the alternators. 

Switchboard, The switchboard consists of 
several slate panels located on the main floor immedi* 
ately behind the engine. On it are mounted. the inte- 
grating and indicating wattmeters^ voltmeters^ ammeters^ 
Tirrell voltage regulator, and the field rheostats. 
The step^up transformers for interurban transmission 
are located in the gallery. 

A 40,000 pound electrically operated Pawling 
& Harnischfeger traveling crane completes the engine 
room equipment. 
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BUILDERS S RATINGS AND GUARANTIES. 



Boilers 



Kind - Stirling water tubular boilers 

Number of boilers installed 4 

Number of boilers used during test 3 

Nxanber of batteries 2 

Number of boilers in each battery 2 

Rated boiler H.P. (each) 345 

Square feet of heating surface feach) 3450 

Square feet of grate surface (each) 70.69 

Steam drum Z6*^ x 14»* x 9^* 

Mud drum A2^ x 13** x 3" 

Thickness of steam drum 9/16* 

Thickness of mud drum 5/8 •• 



Condenser Circulating Pump 

Make - Prescott Steam Pump Company 

Size Duplex 10«* x 14'» x 18«* 

Capacity - 2000 gal, per minute against 36* head 



Boiler Pump 

Make - Prescott Steam Pump Company 
Size Duplex 12 x 6 x 12« 

Capacity - 150 to 200 gal* per minute against 
pressure of 150 Ihs. 
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Bnginee - Corlles Type 

Make - Alii 8 Chalmers, reciprocating type 
Size - 22»* db 40« x 36«» 



Tandem compound engine 
Speed • 150 R^P.M. 
Diameter of pieton rode 



3-3/8*» & 4-3/8«* 



Steam travel not to exceed 100 ft. per second 



Weight of fly wheel - 
Main journal 
Diameter of fly wheel - 
Pace of fly wheel 



30000 Ibe. 
16** X 28** 
12 » 



Turbine 

Kind - Allis Chalmers, low pressure 
Maximum rating - 1250 K.W. 
Speed of turbine - 3600 R.P.M. 



Turbo Genera tor 

3 Phase, 60 Cycle, 4000 Volts 
Guarantees: 

29** vacuum 
30^' barometer 

Consumption of dry steam not to exceed the 
followine: 

500 K.W. with 33. 1# of steam per 

K,W. per hour 
750 



Capacity of 



" 1000 •• 
•• 1250 •• 



with 29. 5# of steam per 

K,W* per hour 

with 27, 5# of steam per 

K.W. per hour 

with 26. 9# of steam per 

K.W* per hour 

Operation of turbo under lOOJJ power factor 

180 Amperes per terminal 

Steam pressure at turbine throttle 17# absolute 

Temperature of steam at turbine throttle 290® ?. 

Vacuum at 28 and 29** mercuty 

100^ power factor for 24 hours 

Rise of 60^ C. for rotor excitation for 120 volts 
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80 AmpereB at full load and 100^ power factor 
Intake on low pressure on turbine = 14^ 
Intake on high pressure of engine - 8** 
Intake on turbo for live steam = 3-l/2^* 
Intake on low pressure of engine = 14** 
High pressure exhaust = 9^ 

Outlet from turbine to condenser = 28* 
Weight of turbine 60000 lbs. 



Condenser 

Niamber of condensers 2 

Make - Prescott Steam Pump Company 

Sq^ft, of condensing surface (each) 4500 

Number of tubes in each condenser 1720 

Outside diameter of tube 1* 

Inside diameter of tube .902* 

Connection of tubes (B.W. gauge number) 18 

Length of tubes 10 • 

Form of shell - cylindrical 

Width of shell 6« 

Height of shell ?♦ 

Length of shell IS* 6« 

Conditions of service: 

Capacity in pounds of exhaust steam per hour 34000 
Temperature of condensing water 60*^ P. 

Temperature of discharge water 71® P. 

Amount of condensing water per minute, gals. 5500 
Vacuum in inches of mercury based on SO** barometer 



VacuaTi Vyuap 

Make - Prescott Vertical Positive Rotative Dry 
Vacuum Pump 

Dimensions: 

Diameter of steam cylinder lO** 

Diameter of air cylinder IS** 

Length of stroke le** 
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ConditionB of service; 

Steam pressure pounds per square inch 150 
Displacement in cubic feet per revolution 4,714 
Revolutions per minute 100 

Displacement in cubic feet per minute 471 

Pipe size: 

Diameter of steam pipe 2»5** 

Diameter of exhaust pipe 3.5** 

Diameter of air inlet 6** 

Diameter of discharge pipe 5** 

Diameter of jacket water circulating inlet 1-1/4** 
Diameter of jacket water circulating outlet 1-1/4'* 

Floor space: 

Length 5» 4«« 
Width 5» 

Height 13 • 6^ 

Detail: 

Diameter of shaft in main bearing 4** 
Length of shaft in main bearing 8** 
Diameter of crank pin Z^ 

Length of crank pin 3^ 

Diameter of cross-head pin 2-1/4** 

Length of cross-head pin 3** 

Diameter of fly wheel 4» 9** 

Weight of fly wheel 1300 lbs. 



Circulat i ng Putqp 

1 • 2-3/4** Centrifugal pump direct connected to a 

5 H,P. 1200 R.P.M. . Form ••K*, 220 volt, 3 phase, 
60 cycle induction motor 



Superheater 

Kind - Foster 

Builder - Power Specialty Company 
Number of superheaters 4 

Number of superheaters in each boiler 1 

Square feet of superheating surface (each) 600 
Guarantee: Superheaters are guaranteed to raise the 

temperature of 10,500 lbs. of steam per hour at a 
pressure of 150 lbs. per sq. in. to 465® F. corres- 
ponding to superheat of 100? 'F. 
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T3ST iqUIPUSNT ASD UBTHOD. 

The test was conducted as nearly as poeslble 
according to the method prescribed by the American So- 
ciety of Mechanical Xngineers* 

The coal was weighed in wheel-barrows and 
then dumped on the floor immediately in front of the 
boilers. The barrows were then weighed back. At the 
end of each hour the total weight per hour was calcu* 
lated by taking the total coal weighed and subtracting 
the estimated amount on the floor. At the conclusion 
of each run all coal remaining on the floor was weighed 
back and the amount subtracted from the total amount 
weighed. 

As the runs were relatively short, no effort 
was made to determine the amount of ash^ as this would 
not give the true boiler performance under average 
operating conditions. 

The water was weighed in two steel tanks, 
which in turn emptied into a large receiving tank. 
Separate valves control both the inlets and outlets of 
these tanks. The water weighed was the condensed steam 
from the condenser, and was pumped directly into the 
boilers from the receiving tank. Make up water was 
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added to the weighing tanks whenever neoeseary. The 
two weighing tanks were placed on platform scales and 
were weighed each time, both before and after being 
dtunped* 

The flue gas analysis consisted of a deter- 
mination of the CO2 hy means of an Orsat apparatus. 
The apparatus was connected to the stack by means of a 
long tube which entered the flue Just above the boilers. 
Before any sample was taken the old gas remaining in the 
tube from the previous sample was pumped out by means 
of a small rubber suction bulb. The sample was then 
taken from the flue by means of two siphoning bottles. 
Samples were taken and the CO2 determined at convenient 
intervals approximating every half hour. 

The draft in the stack was determined by 
means of a U-* shaped water gage. The temperatures of 
the flue gases were taken at the stack entrance with a 
special thermometer, which was provided with an oil cup 
and reflector. By placing an electric light in front of 
the reflector it was possible to read the scale from the 
boiler room floor. A thermometer similar to this was 
placed in the steam line Just ahead of the engine 
throttle. A Crosby gage was also connected at this 
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point for determining the line pressure . The engine 
receiver was likewise provided with a pressure gage» 
but due to the varying of pressure » readings could not 
be taken with any degree of accuracyt Ingine speeds 
were computed from the readings of a continuous counter 
and also directly from a tachometer. Readings on all 
these instruments were taken every fifteen minutes dur«» 
ing all tests. Indicator cards were taken on outside 
spring Crosby indicators. Double cards were taken on 
the high pressure and every ten minutes, and every five 
minutes on the crank and head ends respectively of the 
low pressure side. On account of the piping system 
only one indicator could be attached to each cylinder. 
The reducing motion for the indicators consisted of a 
wooden pantograph which was securely fastened to the 
floor and to the cross head of the engine. The temper- 
ature of the steam was taken again at the entrance to 
the turbine, and also in the Thomas electric calorimeter 
which was placed at this point. Temperatures of the 
cooling water at the entrance and discharge of the con- 
denser were taken, as well as that of the condensed 
steam. The Thomas calorimeter was selected for deter* 
mining the quality of the steam entering the turbine, 
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as it works very satisfactorily on almost any quality 
of steam. It consists of several comparatively high 
resistance coils enclosed in a heavy bronze shell. A 
sampling pipe was placed in the line and connected to 
the calorimeter. The wet steam entering the calorimeter 
was superheated by an electric current flowing in the 
resistance coll. The power thus expended was read on a 
wattmeter in the line, and the amount of power to superb- 
heat was controlled by a water rheostat. Superheat may 
be determined in two ways, either by observing the sud- 
den rise in temperature in the calorimeter, or by watch* 
Ing for the condensation to disappear from a glass tube 
in the steam line. The steam, after passing through 
the calorimeter, was condensed by causing cold water to 
circulate about the steam pipe. This condensation was 
caught in a receiver and carefully weighed. By knowing 
the time it took to condense this steam, its weight 
and the power used to superheat it, the quality was 
easily determined. 

It was quite necessary in the test to have 
the same vacuiim on the calorimeter condenser as on the 
main steam line. It was also necessary to lag the 
calorimeter and sample pipe with pipe covering. 
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The oleotrlc load consleted of one D«C. wa- 
ter rheostat and one A«C« The B.C. rheostat was made 
up of sixteen 48** x 36** x 1/8** sheet iron plates spaoed 
four Inches apart in a wooden frame. The plates were 
alternately connected to the positiye and negative 
leads of the generator. The frame was then suspended 
in the swift current of the river by means of a block 
and tackle. Any desired load could thus be obtained by 
varying the area submerged. The A.C. rheostat consisted 
of three right angle triangular plates whose legs 
measured 36** x 48**. These were attached by the shorter 
leg to a wooden frame » which was an equilateral triangle 
in shape measuring ten feet on each side. The plates 
were hung on the medians of the triangle » the distance 
from center to center being about four feet. This 
frame was also suspended in the river in the same man- 
ner as the D.C. rheostat i the load as before being 
controlled by the area submerged. 

All electrical readings were taken from 
standard instruments which were installed on the switch- 
board for this special test. Each generator, as well 
as the exciter, was provided with separate instrvunents. 
The D.C. instruments were connected directly in the 
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line, while with the A.C« the current carrying instru- 
ments » consisting of ammeters » indicating and integrate 
ing wattmeters « were connected through a current trans- 
former. The voltages were measured through a potential 
transformer connected between the line and the ground. 
All A.C. readings were taken every fifteen minutes on 
each phase. D.C. readings were taken at the same time. 
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OBJECT OP INDIVIDUAL TB8T8. 



Test No* 1 was run with about three-quarters 
load on the engine or one-half load on the complete 
unit. In this test the water was pumped into the boi- 
lers directly from the hot-well, its weight being de- 
termined as in the other testi but no determination was 
made of the steam condensed in the turbine condenser. 
The fourth test was run for the purpose of determining 
the difference between the weight of the water supplied 
to the boilers per hour, and the condenser discharge 
per hour. This determination was made in accordance 
with the method outlined under ^^Calculations**. Tests 
No. 2 and No. 3 were run with practically the same load. 
It was necessary to discontinue test No. 2 due to the 
flooding of one of the boilers. Test No. 3 was then 
run with the same load. The condenser water was 
weighed in this test and make up water was added to 
the hot^well as needed. It was the original intention 
to run at least two more tests on the plant at frac- 
tional loads, but due to unforeseen accidents and diffi- 
culties and the uneconomical use made of the power, it 
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was nacdseary to dlecontinua the testa with three-- 
fourths and full load on the engine, which give a corres- 
ponding load on the turbine of one-half and three- 
fourths load. 

A one-half hour test was made on the con- 
denser to determine whether or not water was leaking 
through the tubes. The results showed that all parts 
were tight and that no leakage was taking place. 
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BSSULT8 OF BOILXR IXST 
Date - Janiiary 25 9t 26, 1911 



Kind of boiler 
Uanufactured by 



Stirling 

Babe o ok & Wiloox Company 









Test 

No.l 


Test 
No. 2 


Test 

Ho. 3 


Duration of teet bra. 
Kind of furnace 

Grate surface sq.ft. 
Water heating surface ** 
Superheating surface " 
Ratio of heating to grate 
surface 


4 

70.8 

3450 

600 

48.7 


2 4 

Hand fired 

70.8 70.8 

3450 3450 

600 600 

48.7 48.7 






Pressures 








Barometer 
Steam gage 
Absolute 
Draught » gage 




in. mercury 
lbs. 

in. water 
Temperatures 


29.32 
150 

164.4 
.74 


29.02 

150.4 

164.7 

.66 


29.02 

148.7 

162.9 

.61 


External air 
Boiler room 
Escaping gases 
Peed water 
Steam 




deg. I 

m 

m 
m 
m 


41 

60 

514 

47.35 

491.5 


41 
60 

558.1 
51 

483.5 


41 

60 

533.1 

54.8 

501 
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Fuel 



Kind of coal 
Locality 
Size of coal 



Fix carbon 

Volatile matter 

Moisture 

Ash 

B.t.u.per lb .of dry coal 

B.t.u.per lb«of combustible 

Total coal consumed 

Dry coal consumed 

Total combustible 





Tough! oghony 






Pittsburg 






Screenings 






Test 


Test 


Test 




No.l 


No. 2 
83.6 


No. 3 


li 


83.6 


83.6 


% 


5.2 


5.2 


5.2 


% 


11.2 


11.2 


11.2 




13131 


13131 


13131 


.« 


14886 


14885 


14885 


Iba. 


14025 


8535 


18910 


« 


13296 


8100 


17964 


« 


11740 


7140 


15815 



Conbustlon per Hour 



Dry coal 

Combustible 

Dry coal per sq.ft of 

grate surface 
Combustible per sq.ft. of 

grate surface 
Dry coal per sq.ft. of 

heating surface 
Combustible per sq.ft. of 

heating surface 



lbs. 

w 



N 
« 



CO2 - Per cent of volumeo Orsat 

(Quality of steaa 

Superheat degrees 7 



3324 
2935 

15.7 

13.8 

0.321 

0.283 

5.86 



4050 
3570 

19.1 

16.8 

0.392 

0.345 



7.8 

Superheat 
128 120 



4491 
3954 

21.1 

18.5 

0.483 

0.382 

7.2 

138 
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Water 

Total weight of water used Ibe. 
Total evaporated • dry steam • 
Faotor of evaporation 
Equivalent evaporation from 
and at 212^ P« lbs. 



T«st 
Ko.l 


T08t 
No. 2 


Test 
No. 3 


87189 
87189 
1.289 


54496 

54495 

1.28 


108821 

108821 

1.283 


112300 


69650 


139850 



Water per Hour 



Amount used 
Evaporated - dry steam 
Bqulvalent evaporation 
from and at 212^ F. 



lbs. 

M 



21797 
21797 



27247 
27247 



27205 
27206 



28076 34826 34963 



Bconomlc Evaporation per Potmd of Fuel 

Actual, per lb. of dry coal lbs. 6.56 6.72 6.06 
Equivalent from and at 

212* P. (dry coal) • 8 8.16 7.37 

Actual, per lb. of combustible * 7.44 7.6 6.85 
Equivalent from and at 

212« 7. (combustible) «* 9.06 9.25 8.36 



Rate of Evapointion 
Per sq.ft. of Grate Surface per Hour 



Actual, from feed water 

temperature 
Equivalent from and at 

212® P. 



lbs. 

M 



103 
132 



128 
164 



128 
166 
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Test 
No.l 


Test 
No. 2 


Test 
Fo.5 


Rate of lYaporation 






Per Sq.ft. of Water Heating Surface 


per Hour 




Actual, lbs. 2.1 
Equivalent from and at 

212® P. •• 2.71 
Coal cost to evaporate 

1000 lbs. of water from 

and at 212. ?. cents 20.63 


2.63 
3.37 

20.2 


2.63 
3.37 

22.3 


Horse Power 


338 
345 




On basis of 34.5 pounds 

equivalent evaporation 

per ho«r H.P, 271 
Builder's rating • 346 


338 
346 



Ratio of H.P. developed 
to builder's rating 



0.786 



0.98 0.98 



Heat Balance 



Heat absorbed per lb. of 

dry coal B.t.u. 

Heat absorbed per lb. of 

combustible 
Heat lost per lb. of coal 
Efficiency of boiler % 
Efficiency of boiler and 
grate % 



m 
m 



7490 

9800 
5396 
55.8 

59 



7920 7160 



10176 
6216 
68.4 

60.3 



9240 

6000 

62 

54.4 
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SUMUARY 07 RBSULIS. 



Steam In^lnt 



Kind of engine 
No* of cylinders 
Dia. of cylinders 
Dia. of piston rod 
Stroke of piston 
Ratio of cylinders 



• crank •• 



Corliss 


1 


1 


22« 


40« 


5-3/8« 


4-3/8« 


3» 


3» 


1 


to 3.32 


»q.in.)380.13 


1247 


• 371.2 


1241 


Test 


Test Test 


No.l 


170.2 Ko.3 



Character of steam 

Duration of test hrs. 4 

Weight of feed water 

consumed lbs. 87189 

Feed water consumed per 

hour •• 21820 

Steam entering engine per 

hour •• 20498 

Pressure of steam at 

throttle (absolute) • 160.4 
Temperature of steam at 

throttle Deg.7. 491.5 

Degrees superheat ** 128 
Barometric pressure in. mercury 29.32 
Receiyer pressure - gage lbs. 4.29 
Back pressure on engine - 

(absolute) " 11.66 

Revolutions per minute 147.6 

Kilowatt hours- total on 

engine 2873 

Kilowatts per hour on engine 718.3 
M.E.P.- head end - H.P. 

cylinder 90.2 



Superheat 

2 4 

54496 108821 

27247 27205 

26685 26653 

162.28 161.18 

483.5 601 

120 138 

29.02 29.02 

10.1 10.6 

16.42 16.65 
146.4 146.4 



1794 
897 



3568 
892 



96.7 94.4 
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M.E.P. - crank end • 

H. P. cylinder 
M.S.P. » head end • 

L.P, cylinder 
K.E.P. - crank end - 

L,P, cylinder 
I^H.P. - H.P. cylinder 
I.H.P. • L.P. cylinder 
Total I.H.P. - engine 
Feed water consumed by 

engine and axixiliariee 

per K.W. hour 
Peed water coneumed by 

engine per K.W. hour 



T«8t 

No.l 


T«Bt 

No. 2 


Teat 
No. 3 


84.4 


98.8 


95.3 


5.63 


8.21 


7.86 


5.36 
880 
183 

1063 


7.84 
978 
266 

1244 


7.46 
950 
254 

1204 



lbs. 



30.4 



30.4 



30.6 



output 


• 


28.6 


28.6 


28.7 


Peed water consumed per 










electrical H.P. hour 


« 


21.4 


21.4 


21.6 


Peed water consumed per 










I.H.P. hour 


• 


19.36 


20.6 


21.6 


Efficiency ratio 




55.8 


58.2 


60 


1 


Turbine 








Capacity full load 


K.W. 




-i£io- 


\ 4 


Duration of test 


hrs. 


4 


y 2 


Pressure steam entering 










turbine (absolute) 


lbs. 


10 


12.9 


13 


(Quality of steam entering 








turbine 


% 


97.2 


96.3 


96.6 


Condensed stesmi from 










turbine 


lbs. 


78150 


49223 


97276 


Total dry steam entering 










turbine 


M 


76000 


47430 


94160 


Temperature of steam 










entering turbine 


Deg.P. 


192.2 


206.6 


207.4 


Barometric pressure in 


.mercury 


29.32 


29.02 


29.02 


Vacuum observed 


« 


28.06 


27.76 


27.82 


Vacuum referred to 30** 










barometer 




28.73 


28.74 


28.8 
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K.W«hour8 - total turbine 
K.W* output per hour - turbine 
Steam per K.W. per hour (dry) 
Steam per eleotrical H.P«hour 

(dry) 
Sfflcienoy ratio 



Test 
Ko.l 


Test 
Ho. 2 


Test 
No. 3 


1910 

477.6 

40 


1371 

685.5 

34.6 


2882 

720.6 

32.6 


29.85 
56 


25.76 

61 


24.3 
60.3 



Complete Plant 



Total K.W« hours output 
K»¥. per hour 
Total eteam ueed 
Total steam entering 

turbine 
Steam removed 
Steam per K.W. hour 
Steam per E.H.P. hour 
Dry coal per K.W. hour 
Dry coal per E.H,P. hour 
Thermal efficiency - coal 

to switchboard % 





4783 


3165 


6450 




1193 


1582 


1613 


bs. 


87189 


54495 


108821 


N 


78150 


48723 


97276 


W 


9039 


5772 


11545 


N 


18.3 


17.2 


16.9 


W 


13.68 


12.86 


12.61 


« 


2.79 


2.65 


2.8 


W 


2.08 


1.905 


2.09 



9.4 



1C.3 



9.3 



Combined Unit 



Total K.W. hours output 

K.W. per hour 

Total steam used by combined 

\uiit per hour lbs. 
Steam used per K.W. hour •• 
Steam used per E.H.P.hour ^ 
Thermal efficiency - 

combined unit % 

Efficiency ratio % 



4783 
1193 


3165 
1582 


6450 
1613 


20623 

17.28 

12.9 


25823 
16.2 
12.2 


25793 

16 

11.98 


15.7 
53.8 


16.8 
54.3 


16.82 
53.7 
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CALCULAII0K8 

The actual amount of steam entering the en« 
glue was determined in the following manner: the 
total amount of water evaporated per hour was determined 
from the amount of the feed water. This furnished 
stesun for the engine and also supplied the feed water 
pump and the dry yacuxun pump. It was therefore necessaxy 
to determine approximately the steam used by these 
auxiliaries. Considering test 'So. 1> the feed water 
pump lifted 21 » 820 pounds of water per hour against a 
steam pressure of 150 pounds. Bach pound of water is 
equivalent to a head of 2,3 feet. Hence the horse 
power developed equals 

21820 X 150 X 2.3 - ^ o u n 

Assuming that the pump» which is an old one» used 250 
pounds of steam per horse power» the steam consumption 
per hour would be equal to 3.8 x 250 lbs. = 950 lbs. 

Prom an investigation of the performance of 
vacuum pumps similar to the one in this installation it 
was estimated that the pump was developing 6.2 horse 
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power UBing 60 pounds of eteara per hour per horse power, 
or a total of 372 pounds per hour. This glyes a total 
of 1322 pounds of steam used per hour by the auxiliaries. 
Deducting this from the total water pumped by the feed 
pump leaves (21820 - 1322) - 20,498 pounds used by the 
engine. The evaporation from the tanks and the condensa- 
tion drained by the traps is equal to the difference 
between the amount used by the engine (20,498 pounds) 
and the weight of the condensed steam piamped from the 
turbine per hour (19,536 pounds), or a difference of 
962 pounds. 

The total steam used by the combined unit 
was calculated as follows: Considering test No. 2, the 
total steam entering the engine is 25,685 pounds. This 
exhausts into the turbine together with the exhaust 
from the vacuum pump, which is 372 pounds per hour. 
Assuming that the latter is 9b% dry, the total dry 
steam from the vacuum pump is «95 x 372 pounds == 340 
pounds. The engine used 26.65 pounds of steam per 
kilowatt hour, the turbine 34.7 pounds. In the former 
case the kilowatts per pound of steam equals .035, and 
in the latter case .029, or a total of .064 kilowatts 
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per pound of steam* Henoe the amount of steam to be 
added per hour to the combined unit is 29/64 of 304 
pounds, or 136 pounds^ giving a total consumption by 
the combined unit of 25,685 pounds plus 138 pounds 
equals 25,823 pounds. This value was used to calculate 
the steam consumption per kilowatt and per electtlcal 
horse power hour. 
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CONCLUSIONS 

The high pressure cards show that the high 
pressure cylinder is developing its maximum horse power. 
An examination of the data and the low pressure cards 
will show that the low pressure cylinder is doing but 
one quarter of the work of the high pressure cylinder. 
This results in an unbalancing of the engine which 
causes considerable pounding* It will be noted that 
there is a negative loop on the low pressure cards. 
This is due to too small a clearance volume for the 
working pressure and too early compression. 

A pressure-volume diagram has been drawn 
using pressures as ordlnates and volumes as abscissas. 
Assuming about four per cent clearance and fifty per 
cent cut-off on the high pressure cylinder, which 
corresponds to that obtained in the tests, the curve 
PV, equals a constant, was drawn. The area under this 
curve was divided according to the pressures and vol- 
umes of the high and low pressure cylinders respectively. 
Expansion in the high pressure cylinder occurs from 
cut-off to release, and then drops to the receiver pres- 
sure. The low pressure cylinder takes in steam the full 
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length of the stroke and then drops down to the turbo 
receiver pressure. The diagram shows that there is a 
large area **A^ which is lo8t» due to the low receiver 
pressure between the two cylinders* In order to make 
the unit work efficiently and utilize part of this 
area **A^ it would be advisable to put a release gearing 
on the low pressure cylinder. This would increase the 
back pressure on the high pressure cylinder and cut 
down the amount of work done by the high pressure cyl-^ 
Inder and increase the work done by the low pressure 
cylinder. This would equalize the loads on the two 
cy).inders. In addition to this it would allow expan- 
sion to take place in the low pressure cylinder and 
make use of part of the lost area ^A^. Such an im*- 
proved condition is shown by the dotted line on the 
diagram. By comparing the lost areas in the two cases 
it is seen that it is possible to reduce the lost area 
to approximately one-^sixt^ its former value. This 
would also result in a smaller steam consumption due 
to a greater power output per pound of steam with 
this release gear. A rough estimate of this steam con- 
siamption would be about 14.5 pounds per kilowatt hour 
at the load carried. 
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The turbine installed in the plant la a 
1250 kilowatt » but at the maximum allowable load on 
the engine the turbine was operating at but little 
better than one-half load. If a smaller turbine had 
been installed the efficiency of the plant would have 
been higher. A possible excuse for such a large tur* 
bine unit may be as follows: The engines are old and 
it is probably the intention of the company to install 
new and larger engines in the near future. This will 
also necessitate a new boiler equipment. 
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34 
COMPARISONS 

It is rather a difficult matter to obtain 
data on other units of approximately the same capacity 
as the unit tested. The water consumption of a 3250 
kilowatt high pressure Allls*Chalmers turbine unit is 
plotted on curve sheet No. 5. The data for this curve 
may be found in a paper entitled, ^Test of a 3250 K.W. 
Steam Turbine", by Professor R, C. Carpenter in the 
Sibley Journal of Engineering, January 1911. A com-- 
parison between this and the combined unit tested is 
possible. While the high pressure machine takes 
17 pounds of steam at half load and 14.3 pounds at full 
load, the combined unit under test takes 17.6 pounds at 
half load and 16 pounds at full load. For eqxial outputs 
of 1700 kilowatts the water consumption for the high 
pressure turbine is 16.8 pounds per kilowatt hour and 
for the combined unit it is 16 pounds per kilowatt hour. 
This would not indicate any particular advantage in fa^ 
vor of the combined unit. The water rate for the com- 
bined unit will no doubt be considerably reduced when 
the release gearing is placed on the low pressure cyl- 
inder of the steam engine. 
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In considering the above comparisons it 
should be kept in mind that the high pressure turbine 
is of considerably larger size and» hence, on that ac« 
count should be more economical « The high pressure 
turbine results are the best that have been obtained 
up to date on any American steam turbine, and hence 
the above comparison of units hardly represents average 
operating conditions. 

Previous to the installation of the low 
pressure turbine the engine under test was taking 21 
pounds of steam per kilowatt hour at full load when 
operating condensing. Results indicate a considerable 
saving by the new installation. 

Comi)aring the combined xmit tested with a 
test on a 1000 horse power engine in the American 
Sugar Refining Company *s plant at Brooklyn, New York, 
which was made by Professor D. 8. Jacobus of theStevens 
Institute of Technology, we find that at half load the 
above engine took 18 pounds of water per kilowatt hour^ 
while the combined unit under test took 17.6 pounds. 
At threes-quarters load the engine took 17.8 pounds of 
water per kilowatt hour while the combined unit at this 
load takes but 15.8 pounds. The curve of the engine 
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has reaohed its minimum water rate at this load^ while 
that of the combined unit ie etlll inclined downward. 
The water rate of the combined unit would probably be 
about 15 pounds at full load. With a release gear on 
the low pressure cylinder the water rate would probably 
be reduced to 14 pounds pwr kilowatt hour at full load. 
This would compare very favorably with the best of in- 
stallations. 
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LOG 07 BQILSR TSST W.l. 
Kind of boiler Stirling 

Location of boiler W.T.L.H,* P,Co. .Affpleton^Wis, 
Htunber of boilers Three 

Size of each boiler 345 H.P. 
Total water heating surface 3450 sq.ft. each 
Superheating surface 600 ^ ^ 

Weather Drizzling rain 

Barometer 29.32 inches 

Date of test January 25, 1911 . 





Pr«88ure 


Temperature 


po 








giack 














draft 






Steam 


Water 


Tim« 


8t«ain 


in. 


Stack 


Feed 


at 


level in 


P.M. 


JSS&S. 


nater 


temp. 


water 


engine 


£;age glass 


12:00 


148.0 


0.65 


600.0 


53.0 


467.0 


One inch 


12:16 


150.0 


0.70 


506.0 


50.0 


470.0 


above mark 


12:30 


149.0 


0.66 


480.0 


60.0 


486.0 




12:45 


147.0 


0.80 


630.0 


61.0 


484.0 




1:00 


150.0 


0.76 


536.0 


51.0 


494.0 




1:16 


148.0 


0.50 


480.0 


51.0 


495.0 




1:30 


148.0 


0.70 


630.0 


48.0 


485.0 




1:46 


149.0 


0.90 


525.0 


46.0 


498.0 




2:00 


150.0 


0.70 


525.0 


46.0 


500.0 




2:16 


160.0 


0.70 


525.0 


46.0 


504.0 




2:30 


160.0 


0.80 


530.0 


46.0 


602.0 




2:46 


150.0 


0.70 


530.0 


44.0 


495.0 




3:00 


153.0 


0.70 


530.0 


42.0 


515.0 




3:16 


150.0 


0.75 


500.0 


44.0 


496.0 




3:30 


151.0 


0.70 


505.0 


44.0 


492.0 




3:45 


149.0 


0.70 


490.0 


46.0 


492. X) 




4:00 


155.0 


0.70 


525.0 


46.0 


497.0 





Ave. 150.0 .714 514.0 47.35 491.6 
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LOG OF 


BOILBE 


I TZST HO 


,2. 




Barometer 






29.16 






Date 








January 


26. 1911. 




Preaeure 


Temperature 


yo 






4 


8tack 
draft 






Steam 


Water 


Time 


Steam 


in. 


Stack 


Peed 


at 


level in 


At^r 


165:0 


water 


temp. 
666.0 


water 
46.0 


engine 
452.0 


ease filass 


8:00 


0.66 


One inch 


8:15 


161.0 


0.76 


655.0 


46.0 


452.0 


above mark 


8:30 


149.0 


0.60 


640.0 


48.0 


466.0 




8:46 


149.0 


0.50 


660,0 


51.0 


490.0 




9:00 


149.0 


0.70 


666.0 


61.0 


500.0 




9:16 


150.0 


0.70 


555.0 


58.0 


502.0 




9:30 


150.0 


0.60 


555.0 


58.0 


510.0 




9:46 


152.0 


0.70 


580.0 


50.0 


608.0 





Ave. 150.4 



.66 558.12 51.0 483.6 



Digitized by 



Google 



Digitized by 



Google 



39 







LOG 07 


BOILER 


L TBST 190.3. 




Barometer 






29.01 






Bate 








January 


26, 1911 




Pressure 


_TjBD£ 


erature 


pe 








Stack 








draft 






Steam 


Water 


Time 


Steam 


in. 


Stack 


Feed 


at 


level in 


.AJL 


.gage 


water 


temp. 


Hater 


•M.1»P« 


gage glass 


11:80 


140.0 


0.66 


660.0 


48.0 


475.0 


Water on 


11:46 


160.0 


0.60 * 


600.0 


51.0 


492.0 


mark 


12:00 


160. a 


0.40 


660.0 


64.0 


495.0 




P.M. 














12:16 


162.0 


0.60 


666.0 


60.6 


503.0 




12:30 


160.0 


0.60 


666.0 


68.0 


605.0 




12:46 


149.0 


0.60 


660.0 


57.0 


506.0 




1:00 


148.0 


0.60 


630.0 


58.0 


513.0 




1:16 


161.0 


0.70 


616.0 


57.0 


510.0 




1:30 


147.0 


0.70 


630.0 


57.0 


502.0 




1:46 


148.0 


0.60 


666.0 


57.0 


511.0 




2:00 


148.0 


0.60 


626.0 


57.0 


502.0 




2:16 


148.0 


0.80 


630.0 


57.0 


501.0 




2:30 


146.0 


0.60 


530.0 


56.0 


504.0 




2:46 


149.0 


0.60 


626.0 


56..0 


508.0 




3:00 


160.0 


0.80 


505.0 


56.0 


506.0 




3:16 


149.0 


0.70 


630.0 


56.0 


495.0 




3:30 


161.0 


0.60 
0.61 


620.0 

633.0 


55.0 
54.8 


500.0 
501.0 




Ave. 


148.7 
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Note: Average temperatures for all teste: 
Middle of boiler room 60^ F. 
By door In boiler room 56^ F« 
Sxternal air 41^ F. 

Ho boiler data available for test Ko»4» the 
reason of which Is euqplalned elsewhere* 
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LOG OP BOILER TEST HO.l. 
Coal, Water, and Flue Gas Iteaeuremente . 



Type of 


furnace 










Kind of 


fuel 




Toughiogheny screenings 


Kind of 


firing 




Hand fired 






Date of 


test 




January 25, 


, 1911. 




] 


?1\X9 Gas 
^COg 

7.0 




COAL 


YATIB 


Time 
P.M. 


Total 
YeiRht 


On Total 
floor used 


felght 
Tank 
No.l 

2449 
2463 
2404 
2472 


Weight 

Tank 
No. 2 


12:00 
12:16 
12:30 
12:46 


2456 
2473 
2426 


1:00 
1:16 
1:30 
1:46 


6.6 
6,2 


3826 


250 3576 


2460 
2423 
2464 
2608 


2487 
2436 
2447 
2465 


2:00 
2:16 
2:30 
2:46 


6.6 


7396 


900 6496 


2427 
2441 
2440 
2454 
2455 


2416 
2429 
2434 
2464 

2447 


3:00 
3:16 
3:30 
3:46 
4:00 


6.0 
6.86 


10710 
14026 


10710 

14026 
Total 


2450 
2420 
2514 
2451 


2457 
2458 
2483 
2430 
1441 


Ave. 


41676 


45514 








Grand Total = 
Per hr.= 


4)87189 

S179'7;2F 
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LOG OJ BOIUER TSST HO. 2. 
Date of test January 26 » 1911. 





Flue Gas 




COAL 




WAT35B 












felghi 


Weight 


Time 




Total 


on 


Total 


Tank 


Tank 


A.M. 


P cog 


Weight 


floor 


used 


No.l 
2443 


No. 2 


8:00 




2620 


8:16 


8.5 








2430 


2459 


8:30 










2454 


2739 


8:45 


7.0 


5610 


600 


5010 


2451 
2451 


2428 


9:00 










2426 


2459 


9:16 


8:0 








2426 


2432 


9:30 










2434 


2477 


9:46 










2700 


2444 


10:00 


7.8 


9435 


900 


8535 
Total 


2427 
2452 


2435 
2436 
2472 


Ave. 


27094 


27401 








Grand 


Total 

Per hr. 


» 2)54496 

= 2724718 
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Condensed Steam from Turbo for Make Up Water 

for Test No.l 



Time: 3:44 to 4:44 P.M. January 26, 1911 

Weight Weight 

Tank Tank 

isro.l Ho»2 

2418 2437 

2469 2457 
2455 2442 

2470 2371 

Total 9812 9707 

Grand Total 19519 
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LOG 07 BOILEH TEST NO. 3 
Coal, Water, and Flue Gas ICeasur amenta. 



Date of test 




January 26, 


1911. 






Flue Gas 




COAL 


WAI 
WeTgEt"" 


•m 








ifeighi' 


Time 




Total 


on Total 


Tank 


Tank 


jiJL, 


% cog 


weifiht 


Floor used 


No.l 


No. 2 


11:30 








2467 


2427 


11:45 


6.0 






2434 


2425 


12:00 








2680 


2856 


P.M. 












12:16 








2431 
2421 
2430 


2441 
2423 


12:30 


6.4 


6120 


700 5420 


2446 


2426 


12:45 








2443 


2426 


1:00 


7.5 






2435 


2431 


1:16 








2459 
2428 


2436 
2451 


1:30 




11220 


1200 10020 


2414 


2422 


1:45 


8.0 






2411 


2406 


2:00 








2417 


2420 


2:16 


7.6 






2422 
2405 


2760 
2418 


2:30 




14280 


14280 


2406 


2460 


2:46 


7.6 






2410 


2434 


3:00 








2422 


2400 


3:15 








2430 

2413 


2491 
2413 


3:30 




19380 


470 18910 


2400 

■ 


2520 
2424 








Make up 


water 


2400 










1 


391 
499 








Total 


v^m 


55197 
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Grand Total 4) 108821 
Per hr. = ^izob 



Digitized by 



Google 



Digitized by 



Google 



46 



LOG OP XNGI19X DATA 



Test No. 1 - January 25 p 1911 



High Pressure Qyllnder ^ 

Dia. of cylinder 22.0* 
Length of stroke 36.0* 
Barometer 29. 32* 



Low Pressure Cylinder 

Dia. of cylinder 40.0* 
Date of test - Jan. 25, 1911 





Speed 






PresBufes 




Tim« 


Continuous 




Sieam Line Re- 


Condenser 


P.M. 


Counter 


R.P.M. 


G&U&M 


ceiver 
3.0 


In. Mercury 


12:00 


54405 


147.7 


144.0 


28.2 


12:15 


56621 


147.7 


142.0 


4.0 


28.2 


12:30 


58835 


147.6 


143.0 


4.0 


28.15 


12:45 


61050 


147.6 


142.0 


4.0 


28.05 


1:00 


63263 


147.5 


146.0 


5.0 


28.1 


1:15 


65476 


147.5 


146.0 


5.0 


28.1 


1:30 


67687 


147.4 


146.0 


5.0 


28.15 


1:45 


69903 


147.7 


147.0 


5.0 


26.78 


2:00 


72115 


147.5 


145.0 


5.0 


28.1 


2:15 


74328 


147.5 


150.0 


4.0 


28.15 


2:30 


76537 


147.2 


145.0 


5.0 


28.1 


2:45 


78751 


147.6 


138.0 


4.0 


28.15 


3:00 


80961 


147.3 


152.0 


5.0 


28.15 


3:16 


83161 


146.6 


152.0 


4.0 


28.05 


3:30 


85370 


147.2 


150.0 


4.0 


28.10 


3:45 


87605 


149.0 


148.0 


4.0 


28.1 


4:00 


89847 


149.4 


147.0 


3.0 


28.1 



Ave. 



147.5 



146.0 



4.29 



28.05 
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Test Ko. 2 - January 26, 1911 





Speed 






Pressures 


"time 


Continuous 




l^team Line 


Re- 


Condenser 


A.M. 


Counter 
06466 


F.P.M. 


Gauge 
144.0 


pelver 
10.0 


in. Mercury 


6:00 


27.8 


8:16 


10696 


147.2 


145.0 


10.0 


27.8 


8:30 


12696 


146.6 


160.0 


10.0 


27.7 


6:46 


18087 


146.2 


147.0 


10.0 


27.75 


9:00 


17283 


146.4 


146.0 


10.0 


27.76 


9:16 


19478 


146.3 


152.0 


11.0 


27.78 


9:30 


21673 


146.3 


149.0 


10.0 


27,8 


9:45 


23869 


146.4 


150.0 


10.0 


27.8 


10;00 


25879 


134.0 


151.0 


10.0 


27.8 



Ave. 



146.4 



148.0 



10.1 



27.76 
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Test No. 3 


- January . 


26. 1911 






8p«ed 






Pressures 




Tlm« 


Barometer 




Steam Line Re- 


Condenser 


A.M. 


reading 
29.02 


R.P.ll. 


Gauge 


ceiver 
11 


in. Mercury 


11:30 


146.4 


138 


27.85 


11:46 






146.4 


145 


11 


27.85 


12:00 






146.6 


147 


11 


27.45 


P.M. 














12:15 






146.3 


145 


11 


27.8 


12:30 






146.5 


147 


11 


27.86 


12:45 






146.4 


150 


11 


27.8 


1:00 


29, 


.02 


146.2 


145 


11 


27.85 


1:15 






146.2 


150 


11 


27.9 


1:30 






146.0 


145 


12 


27.85 


1:46 






146.3 


147 


10 


27.9 


2:00 






146.3 


150 


10 


27.9 


2:15 






146.3 


145 


10 


27.9 


2:30 


29 


.01 


146,5 


143 


10 


27.85 


2:45 






146.6 


149 


10 


27.9 


3:00 






146.5 


150 


10 


27.85 


3:15 






146.3 


149 


10 


27.87 


3:30 


29. 


.01 


146.5 


153 


10 


28.0 



Ave. 



29.016 



146.4 



146.9 



10.6 



27.82 





Test Ho. 4 • 


- January 


26, 


1911 




3:46 


147.7 


147 




5 


27.96 


4:00 


147.3 


140 




5 


27.6 


4:16 


147.2 


148 




6 


26.7 


4:30 


147.2 


150 




5 


26.55 


4:46 


147.2 


145 




5 


26.7 



Ave. 



147.3 



147.5 



27.1 
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TEMPERATUKBS 



Test llo, 1 - January 25, 19 11. 

Condensed 
Steam at Steam steam Cooling Condenser 



Time 


engine 


entering 


leaving 


water 


water 


P.M. 


throttle 
467 


turbine 
192 


condenser 


entering 
34 


leaving 


12:00 


63 


42 


12; 


:16 


470 


192 


50 


34 


41.6 


12" 


;30 


485 


192 


50 


34 


42 


12 


:45 


484 


193 


51 


34 


42 


1. 


J 00 


494 


194 


51 


34 


43 


1; 


:15 


495 


192 


51 


34 


42 


1, 


.30 


485 


193 


48 


34 


43 


1; 


:45 


498 


194 


46 


34 


43 


2: 


.00 


500 


193 


46 


34 


42.5 


2; 


:16 


504 


192 


46 


34 


43 


2: 


.30 


502 


192 


46 


34 


42.5 


2: 


:46 


495 


194 


44 


34 


43 


3: 


00 


515 


191 


42 


34 


42.5 


3: 


15 


496 


192 


44 


34 


41 


3; 


.30 


492 


192 


44 


34 


41.5 


3: 


.45 


492 


192 


46 


34 


41 


4: 


00 


497 


190.5 


46 


34 


41 



Ave. 



491.5 



192.2 



47.35 



34 



42 
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T€8t No. 2 • January 26» 1911. 



Condensed 
Steam at Steam steam Cooling Condenser 
Time engine entering leaving water water 



8:00 


452 


208.5 


46 


34 


43.5 


8:16 


452 


204 


46 


34 


43.5 


8:30 


455 


208 


48 


34 


43.5 


8:46 


490 


208 


51 


34 


43.5 


9:00 


500 


206 


51 


34 


43.5 


9:16 


502 


206 


58 


34 


46.3 


9:30 


510 


206 


56 


34 


43.6 


9:46 


508 


207 


50 


34 


44.0 


10:00 


508 


206 


«■■» 


34 


44.0 



Ave. 483.6 206.5 61 34 43.5 
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Test Ko. 3 - January 26, 1911. 



Condensed 
Steam at Steam ateam Cooling Condenser 



Tine 


engine 


entering 


leaving 


water 


water 


-A-.M^ 


throttle 


turbine 


condenser 


entering 


leaving 


11:30 


476 


210 


48 


34 


44.6 


11: 


:45 


492 


208 


51 


34 


44 


12: 


:00 


495 


208 


54 


34 


44.5 


P. 


.][. 












12: 


:15 


503 


208 


66 


34 


44 


12: 


;30 


505 


206 


58 


34 


43 


12; 


:45 


508 


206 


57 


34 


44 


1: 


:00 


513 


207 


58 


34 


43.5 


1: 


:15 


510 


206 


57 


34 


43.5 


1: 


;30 


502 


207 


57 


34 


43.5 


1: 


:45 


fill 


206 


57 


34 


43.5 


2, 


:00 


502 


207 


57 


34 


43.6 


2: 


;15 


501 


208 


57 


34 


43.3 


2: 


:30 


504 


206.5 


56 


34 


43.5 


2: 


;45 


508 


207.5 


56 


34 


43.5 


3: 


;00 


506 


206 \ 


56 


34 


43.5 


3: 


:15 


495 


207 


55 


34 


43.5 


3 


:30 


500 


209 


55 


34 


43 



Ave. 



501 



207.4 



54.8 



34 



43:65 







Test Ho. 


3:46 


496 


166 


4:00 


485 


192 


4:15 


506 


193 


4:30 


498 


194 


4:45 


486 


194 



Ave. 



'4 - January 26, 1911 



497.2 



192.2 



34 


41 


34 


39.8 


34 


43 


34 


43 


34 


43 



34 



41.96 
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IBDI GATOR CABDS 



Test No. 1 





Hieh Pr< 


) 8 sure 


Low Pressure 


Time 


M.]Er 


.P. 


H.B 


.*. 


P.M. 


82.2 


Crank 


Head 
5.86 


Crank 


12:00 


72.0 


3.00 


12: 


tlO 


92.0 


87.8 


6.38 


5.44 


12: 


.20 


97.0 


71.5 


5.27 


5.32 


12: 


:30 


95.4 


84.0 


6.6 


5.88 


12! 


40 


96.0 


90.6 


6.26 


5.36 


12: 


.50 


90.0 


84.0 


4.82 


5.85 




(00 


87.0 


80.0 


6.17 


6.04 




ao 


100.0 


85.3 


5.37 


4.60 




:20 


93.6 


89.0 


5.33 


6.06 




.30 


98.0 


90.0 


5.46 


4.38 




:40 


91.4 


77.6 


5.01 


5.80 




:50 


83.2 


76.8 


7.06 


6.73 


2: 


:00 


99.9 


84.6 


4.44 


4.50 


2: 


:10 


84.0 


93.6 


5.90 


4.46 


2: 


:20 


87.4 


87.2 


5.03 


4.48 


2: 


:30 


78.6 


75.0 


5.31 


5.34 


2: 


:40 


94.6 


94.0 


6.26 


6.92 


2: 


:50 


76.8 


72.7 


6.92 


7.38 


3: 


:00 


87.0 


84.0 


5.12 


5.70 


3: 


:10 


87.0 


81.4 


6.59 


5.44 


3: 


:20 


91.0 


85.8 


5.37 


4.92 


3: 


:30 


89.4 


81.6 


5.37 


5.16 


3: 


:40 


94.0 


92.2 


4.98 


4.92 


3: 


:60 


92.1 


94.6 


4.50 


5.19 


4: 


:00 


93.5 


88.7 


5.10 


6.12 



Ave. 



90.2 



84.4 



5.63 



5.36 
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Test Ko. 


2 






Hieh Free sure 


Low Pressure 


Time 


k.K 


.P. 


At"t 


Head 
94.8 


Crank 
95.0 


Head 
7.23 


Crank 


8:00 


6.3 


8:10 


100.0 


101.0 


7.9 


6.9 


8:20 


96.8 


103.0 


9.96 


6.4 


8:30 


97.2 


98.4 


7.5 


7.1 


8:40 


93.9 


95.2 


7.48 


7.92 


8:60 


97.9 


100.6 


7.9 


7.89 


9:00 


98.0 


98.8 


11.7 


8.65 


9:10 


94.6 


97.8 


7.3 


7.9 


9:20 


96.6 


103.2 


9.0 


6.46 


9:30 


94.4 


100.0 


7.27 


7.02 


9:40 


101.4 


96.6 


9.05 


7.76 


9:50 


95.0 


95.2 


7.26 


8.65 


10:00 


101.0 


102.8 


7.06 


6.58 



Ave. 



96.7 



98.8 



8.21 



7.84 
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Teat No. 3 








High Pre88ur« 


Low Pressure 


Time 


^ k. 


a.K 


ll.A.t>. 


P.M. 


Head 
86.2 


Crank 
87.0 


Head 
5.9 


Crank 


11:30 


8.1 


11:40 


101.2 


100.0 


6.5 


6.3 


11:60 


94.0 


97.6 


7.1 


6.3 


12:00 


90.0 


90.0 


7.8 


7.6 


P.M. 










12:10 


97.6 


98.8 


7.0 


8.7 


12:20 


93.0 


99.0 


9.4 


8.1 


12:30 


93.6 


101.6 


9.0 


6.3 


12:40 


97.4 


103.2 


12.1 


7.5 


18:50 


99.0 


97.0 


6.9 


6.9 


1:00 


98.4 


95.0 


7.0 


7.1 


1:10 


95.4 


97.4 


5.4 


3.6 


1:20 


97.2 


97.2 


7.2 


5.2 


1:30 


93.8 


102.2 


6.4 


7.8 


1:40 


99.0 


98.6 


10.5 


7.1 


1:50 


99.0 


98.6 


9.5 


7.4 


2:00 


97.0 


97.0 


5.9 


4.5 


2:10 


97.8 


97.0 


4.8 


8.8 


2:20 


97.2 


101.0 


9.3 


5.3 


2:30 


96.0 


94.2 


7.0 


7.7 


2:40 


94.0 


93.4 


8.4 


11.7 


2:50 


101.0 


98.8 


6.9 


6.9 


3:00 


87.4 


87.4 


12.7 


7.3 


3:10 


90.0 


92.0 


7.2 


11.5 


3:20 


77.4 


76.8 


7.7 


7.0 


3:30 


97.8 


96.8 


9.2 


12.0 



Ave. 



94.4 



95.3 



7.84 



7.46 
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Test No. 4 








High Pressure 


Low Pressure 


Time 


M. 


E.P. 


M.E, 


.P. 


P.M. 


Head 


Crank 


Head 


Crank 


3:60 


86.6 


82.6 


4.77 


4.49 


4:00 


87.8 


89.2 


4.27 


3.9 


4:10 


93.0 


96.0 


5.6 


4.7 


4:20 


92.6 


96.6 


5.63 


4.9 


4:30 


90.8 


94.2 


4.41 


6.0 


4:40 


91.6 


86.4 


4.8 


4.7 



4:50 91.4 93.1 3.9 4.7 
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LOG 07 CALORIUSTBR TS8T. 



Test Ho*l - January 25 » 1911* 

Run Run 
Nog No>2 



Rim 
Ho .3 



Run 

yo>4 



Turbine steam line temperature 192.6 193.0 192.2 191.6 



Calorimeter temperature 
Watts input in calorimeter 
Duration in minutes 
Weight of water condensed, lbs 
Average quality 



207.1 208.6 205.0 201.0 
230.0 212.6 203.7 158.6 

23 45 45 61 

. 10.6 18.0 19.0 22.5 

97.2 



Test 210.2 « January 26 , 1911. 

Turbine steam line temperature 206.9 206.2 
Calorimeter temperature 225.3 218.8 

Watts input in calorimeter 325.0 290.2 

Duration in minutes 60 55 

Weight of water condensed 29 27.6 

ATerage quality 96.3 



Test No.3 - January 269 1911. 

Turbine steam line temperature 206.4 206.6 206.7 207.3 

Calorimeter temperature 223.8 217.3 217.7 220.2 

Watts input in calorimeter 293.5 249.0 214.5 247.5 

Duration in minutes 41 60 51 42 

Walght of water condensed 21 26.5 25.0 19.5 

Average quality 96.8 



Digitized by 



Google 



Digitized by 



Google 



57 



LOG 07 UiSCTRICAL lATA 
500 k.w. 600/650 Volt D.C. Railway Generator 







Teat 


Ko. 


1 - 


January 25 » 


1911 










Generator Output 




Time 










Indicate 


d 


K.t.Hr. 


PJL 


Speed 


Amperee 


Volt 


lS 


k.w. 


— 


per hour 


12:00 


148 


461 




668 




309 






12:30 


146 


462 




670 




310 






1:00 


148 


462 




669 




309 




315 


1:30 


148 


462 




662 




307 






2:00 


148 


462 




669 




309 




310 


2:30 


148 


454 




672 




306 






3:00 


146 


452 




660 




298 




310 


3:30 


149.5 


454 




672 




308 






4:00 


150 


444 




660 




293 




320 


Total 
















1255 


Ave. 


148.2 


457 




666. 


9 


305.4 




313.7 






Test 


Ho. 


2 - 


January 26, 


1911 


A.U. 


















8:00 


147.3 


704 




638 




450 






8:30 


147.5 


692 




628 




431 






9:00 


147.5 


704 




618 




435 




450 


9:30 


147.6 


714 




603 




431 






10:00 


-147,3 


695 




608 




423 




448 


Total 
















898 


Ave. 


147.2 


701 


.8 


619 




434 




449 
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Test Ko* 3 - January 26, 1911 



Generator Output 



Time 










Indicated 


k.W.ltr. 


A.M. 


Sjjej 
147 


iL. 


Amperes 
684 


Volts 
600 


k.w. 


per hour 


11:30 


410 




12:00 


147 




699 


623 


436 




P.M. 














12:30 


147 




684 


608 


415 


445 


1:00 


147 




684 


609 


422 




1:30 


147. 


3 


654 


638 


417 


450 


2:00 


147. 


2 


704 


638 


449 




2:30 


147. 


3 


684 


623 


426 


440 


3:00 


147. 


2 


694 


633 


436 




3:30 


147 


^, 


724 


632 


458 


445 


Total 












1780 


Ave. 


147. 


1 


690.1 


622.7 


429.9 


445 



3:45 
4:15 
4:45 

Ave. 



Test Ko. 4 - January 26, 1911 




464 
454 
454 



648 
658 
663 



300 
299 

303 



148.1 



457.3 656.3 



301.7 



290 
290 
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RI^ LoBBoa in Railway Generator 







Teet 


No. 1 - 


January 


25 » 


1911 


Time 














P.ll. 

12:00 


Armature 


4002 


RheoBtat 
1364 


Total 


2761 




8127 


12:30 


2768 




4005 


1348 




8131 


1:00 


2768 




4015 


1350 




8133 


1:30 


2768 




4020 


1346 




8133 


2:00 


2768 




4020 


1333 




7998 


2:30 


2682 




4015 


1301 




7930 


3:00 


2655 




4005 


1270 




7998 


3:30 


2682 




4016 


1300 




7862 


4:00 

1 


2561 


- 


4023 


1278 


• 


8047 



Ave. 



2712.6 



4013.4 



1321 



8039.9 



A.M, 




Test 


Ko. 2 


<- Januaxy 26, 


1911 


8:00 

8:30 

9:00 

9:30 

10:00 


6442 
6241 
6442 
6615 
6682' 




4206 
4218 
4201 
4195 
4205 


1210 
1250 
1120 
1010 
961 


11858 
11709 
11763 
11820 
11448 


Aye. 


6484. 


4 


4206 


1110.2 


11719.6 
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T«Bt No. 3 o Janviaxy 26, 1911. 



Time 










A.M. 


Armature 


Field 


Bheostat 


Total 


11:30 


6083 


4200 


968 


11251 


12:00 


6355 


4210 


930 


11495 


P.M. 










12:30 


6083 


4210 


900 


11193 


1:00 


6033 


4225 


980 


11238 


1:30 


5561 


4206 


1010 


10777 


2:00 


6442 


4251 


1070 


11763 


2:30 


6083 


4244 


1080 


11407 


3:00 


6273 


4231 


1108 


11612 


3:30 


6815 


4206 


1102 


12123 


Ave. 


6191.8 


4220.3 


1016.4 


11428.6 



Test Ho. 4 •> January 26, 1911 



3:45 
4:15 
4:45 

Ave. 



2894 
2682 
2682 

2752. 7 



4171 
4020 
4073 

4088 



1260 
1248 
1251 

1253 



8325 
7950 
8006 

8093.7 
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LOG 07 SLXCTRIC DATA - A.C. GENERATOR 

2300/4000 Volts, 60 Cycles, 3 Phas«, 
150 R.P.M. , 600 K.Y.A. 



Test ITo. 1 - January 26, 1911. 



Amperes 



Freg. 



a pe 
Pha 



A 



Phase 
B 



Volts 
fKase" 



B 



12:00 


148 


59.2 


64 


66 


65 


2260 2260 


2260 


12:30 


148 


69.2 


66 


66 


66 


2260 2260 


2260 


1:00 


148 


59.2 


66 


66 


66 


2280 2280 


2280 


1:30 


148 


59.2 


66 


66 


66 


2280 2280 


2280 


2:00 


148 


69.2 


64 


66 


66 


2280 2280 


2280 


2:30 


148 


69.2 


66 


67 


65 


2280 2280 


2280 


3:00 


146 


68.6 


66 


66 


66 


2280 2280 


2280 


3:30 


149.6 


59.8 


66 


66 


66 


2280 2280 


2280 


4:00 


150 


60 


66 


66 


65 


2300 2300 


2300 



Ave. 



148 59.2 



65.2 66.6 65.6 2277 2277 2277 



A.M. 



Test Ho. 2 - January 26, 1911 



8:00 


147.6 


59 


70 


70 


70 


2400 2400 


2400 


8:30 


147.6 


59 


69 


70 


70 


2400 2400 


2400 


9:00 


147.5 


59 


66 


67 


66 


2400 2400 


2400 


9:30 


147.3 


58.9 


69 


69 


69 


2400 2400 


2400 


10:00 


147.5 


59 


69 


70 


69 


2400 2400 


2400 


Ave. 


147.5 


58.9 


68.6 


69.2 


69.7 


2400 2400 


2400 



Digitized by 



Google 



Digitized by 



Google 



62 





T 


est No. 


3 - 


• January 2i 


), 1911 

Volt* 




Tim« 








¥b&B9 




^haB« 




A.M. 


ssssl 


7rea. 


i> 


L B 


C 


. A B 


C 


11:30 


147.0 


58.8 


66 


67 


66 


2400 2400 


2400 


12:00 


147.0 


58.8 


69 


70 


70 


2400 2400 


2400 


12:30 


147.0 


58.8 


69 


70 


70 


2400 2400 


2400 


1:00 


142.3 


58.9 


68 


69 


69 


2400 2400 


2400 


1:30 


147.3 


58.9 


69 


69 


68 


2400 2400 


2400 


2:00 


147.3 


58.9 


67 


68 


67 


2400 2400 


2400 


2:30 


147.3 


58.9 


68 


69 


68 


2400 2400 


2400 


3:00 


147.3 


58.9 


66 


67 


65 


2400 2400 


2400 


3:30 


147.3 


58.9 


66 


67 


66 


2400 2400 


2400 



Ave. 147.1 58.83 67.6 68.4 67.6 2400 2400 2400 



Test No. 4 - January 26, 1911. 



3:40 148.2 59.3 65 65 63 

4:15 148.0 59.2 67 69 69 

4:46 148.0 59.2 69 69 69 

At«. 148.1 59.2 67 67.7 67 



2260 2260 2260 
2260 2260 2260 
2260 2260 2260 

2260 2260 2260 
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T«8t No. 1 


- January 25 


, 1911. 




Tim« 




K.V.A. 


Indicated 


k.w. 






Pha8« 




I>ha«« 






12:00 


A 


B C 


A 


B 


C 
136 


Total 


144.5 


147.0 147.0 


136 


136 


408 


12:30 


147.0 


147.0 147.0 


136 


135 


135 


406 


1:00 


150.5 


150.5 150.5 


140 


140 


140 


420 


1:30 


150.6 


150.5 150.5 


139 


139 


138 


417 


2:00 


146.0 


148,0 160.5 


138 


134 


136 


407 


2:30 


148.0 


152.6 148.0 


138 


139 


137 


414 


3:00 


150.5 


148.0 160.6 


140.0 


135 


143 


418 


3:30 


150.5 


160.8 160.6 


140 


138 


140 


418 


4:00 


149.0 


149.0 149.0 


140 


138 


140 


418 



AV«. 148.4 149.3 149.4 138.3 137.2 138.3 414 







Teat Ho. 2 


- January 2 


6» 19i: 


L. 


AJ(. 














8:00 


168.0 


168.0 168.0 


164 


162 


154 


460 


8:30 


166.0 


168.0 168.0 


164 


153 


154 


461 


9:00 


168.0 


161.0 168.0 


146 


146 


146 


438 


9:30 


166.0 


166.0 166.0 


163 


161 


152 


466 


10:00 


166.0 


168.0 166.0 


162 


162 


152 


466 



Ave. 166.0 166.0 166.6 162 151 161.6 464 
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Test No. 3 - Janxiary 26, 1911. 







K.V.A, 




Indicated 


k.w. 




Time 




P^se 






Phase 






A.M. 


A 


B 


C 


A 

146 


B 


C 
147 


Total 


11:20 


158.0 


161.0 


158.0 


147 


440 


12:00 


166.0 


163.0 


168.0 


150 


153 


152 


455 


P.M. 
















12:30 


166.0 


168.0 


168,0 


151 


152 


152 


455 


1:00 


163.0 


166.0 


166.0 


151 


15S 


150 


454 


1:30 


166.0 


166.0 


163.0 


152 


152 


151 


455 


2:00 


161,0 


163.0 


161.0 


151 


151 


148 


440 


2:30 


163.0 


166.0 


163.0 


156 


156 


149 


461 


3:00 


158.0 


161.0 


156.0 


161 


149 


142 


442 


3:30 


158.0 
162.0 


161.0 
164.0 


158.0 
162.0 


151 


149 
151.3 


144 
148.4 


444 


Ave. 


151 


448.5 






T«8t 


No. 4 


« January 26 


, 1911 




3:45 


147.0 


147.0 


142.5 


135 


138 


136 


409 


4:15 


151.5 


156.0 


156.0 


149 


148 


149 


446 


4:45 


156.0 


156.0 


156.0 


150 


148 


149 


447 



Ave. 151.5 153.0 151.9 144.6 144.6 144.6 434 
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Test 


Ko. 1 - 


January 25 » 


1911. 






Power Factor 


K.W. 


H. per 


Hour 




Time 


Phase 






Phase 






P.M. 


A 


B 


c 


A 


B 


C 


Total 


12:00 


94.3 


92.5 


92.5 








12:30 


92.0 


92.0 


92.0 










1:00 


93.1 


93.1 


93.1 


132 


134 


136 


402 


1:30 


92.6 


92.6 


92.6 










2:00 


94.6 


90.8 


89.9 


135 


135 


134 


404 


2:30 . 


93.0 


91.2 


92.3 










3:00 


92.6 


91.2 


94.9 


138 


135 


138 


411 


3:30 


92.6 


91.8 


92.6 










4:00 


94.0 


92.8 


94.0 


135 


132 


134 


401 


Total 








540 


536 


542 


1618 


Ave, 


93.2 


92.0 


92.6 


135 


134.1 135.5 


404.5 






Test 


No. 2 - 


January 26 » 


1911. 




A.M. 
















8:00 


91.6 


90.6 


91^5 










8:30 


92.7 


90.8 


91.6 










9:00 


92.7 


90.6 


92.7 


148 


150 


146 


446 


9:30 


92.0 


91«0 


91.9 










10:00 


91.9 


90.6 


91.9 


150 


152 


148 


460 


Total 








296 


302 


296 


896 


Ave. 


92.2 


90.7 


91.9 


149 


151 


148 


446 
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Test No. 3 - Janxiary 26, 1911. 



Time 
A.U. 



Power Factor 
^liaae 



A 



B 



K.W.H. per Hour 



B 



Total 



11:30 


92.7 


91.2 


93.0 










12:00 


90.6 


93.8 


90.3 










P.M. 
















12:30 


91.0 


90.3 


90.6 


151 


150 


152 


453 


1:00 


92.6 


91.8 


90.4 










1:30 


91.9 


91.8 


92.8 


151 


148 


148 


447 


2:00 


92.6 


92.5 


92.0 










2:30 


95.2 


93.7 


91.2 


148 


148 


147 


443 


3:00 


95.1 


92.5 


90.9 










3:30 


95.1 


92.5 


91.0 


148 


149 


148 


445 


Total 








598 


595 


595 


1788 


Ave. 


92.9 


92.2 


91.3 


149.5 


149 


149 


477 



Test No. 4 <- January 26, 1911. 



3:45 
4:15 
4:45 


91.8 
93.2 
96.1 


93.7 
95.1 
95.1 


95.4 
95.6 • 
95.6 


145 


145 


143 


433 


Total 
Ave. 


93.7 


94.6 


95.5 


145 
145 


145 
145 


143 
143 


433 
433 
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Test Ko. 1 - January 25, 1911. 



67 





Field 


Exciter 


Field 
EI 


Bheoo 


Time 






i.W.fi. 


Stat 


.JJL. 


Volt AsiTK 


Volt 


©er hr. 


loss 


loss 


12:00 


101.0 79 


116 




7980 


1120 


12:30 


101.6 80 


117 




8120 


1230 


1:00 


101.5 80 


119 


9.36 


8120 


1230 


1:30 


102.0 80 


127 




8160 


1B40 


2:00 


103.0 80.5 


122 


9.76 


8290 


1560 


2:30 


103.0 80 


122 




8240 


1560 


3:00 


104.0 80 


123 


9.8 


8320 


1530 


3:30 


104.0 81 


123 




8420 


1550 


4:00 


104.0 80 


123 


9.8 

38.71 


8320 


1650 


Total 






Ave. 


102,7 80.1 


121.2 


9.68 


8220 


1452 



A.M. 



Test Ho. 2 - January 26, 1911. 



8:00 


102.0 88 


122 




8980 


1380 


8:30 


103.0 88.6 


120 




9120 


1230 


9:00 


103.0 88 


119.6 


10.6 


9060 


1180 


9:30 


104.0 88 


120 




9140 


1160 


10:00 


105.0 88 


121 


10.60 


9240 


1150 


Total. 






21.1 






Ave. 


103.4 88 


120.5 


10.55 


9108 


1220 
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Test No. 3 • January 26, 1911. 



68 





Field _ 


Sxciter 


Field 


Rheoo 


Time 








k.W.H. 


Stat 


A.lt^ 


Volt 
103 


Amp. 
88 


Volt 
126 


per hr. 


loss 


loss 


11:30 


9060 


1940 


12:00 


104 


88 


125 




9140 


1860 


P.M. 














12:30 


105 


88 


126 


11 


9240 


1810 


1:00 


105 


88 


127 




9240 


1850 


1:30 


105.5 


88 


119 


10.7 


9280 


1160 


2:00 


105.5 


88 


119 




9280 


1160 


2:30 


106 


88 


119 


10.5 


9320 


1120 


3:00 


106 


88 


119 




9320 


1120 


3:30 


106 


88 


119 


10.6 


9320 


1120 


Total 








43.12 






Ave. 


105.1 


88 


122 


10.67 


9250 


1460 



Test Ho. 4 • Janxiary 26, 1911. 



3:46 
4:15 
4:45 


103 
103 
103 

103 


80 
80 
80 

80 


120 
121 
121 


9.65 

9.66 
9.65 


8240 
8240 
8240 

8240 


1410 
1410 
1410 


Total 
Ave. 


120.7 


1410 
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Test So. 1 - January 25, 1911. 



69 



Aye. 



Loeeeg 
Arm. RI^ Lose 



Time 




Ftaase 






Gztind 


P.M. 


A 


B 


C 


Total 
2302 


Total 


12:00 


754 


774 


774 


11402 


12:30 


774 


774 


774 


2322 


11672 


1:00 


798 


798 


798 


2394 


11744 


1:30 


798 


798 


798 


2394 


12194 


2:00 


754 


774 


798 


2326 


12176 


2:30 


774 


824 


774 


2372 


12172 


3:00 


798 


774 


798 


2370 


12220 


3:30 


798 


798 


798 


2394 


12364 


4:00 


774 


774 


774 


2322 


12292 



781 



788 



788 



2355 



12040 



A.M. 



Test Ho. 2 - January 26, 1911. 



8:00 


897 


897 


897 


2691 


13061 


8:30 


870 


897 


897 


2664 


13014 


9:00 


798 


824 


798 


2420 


12660 


9:30 


870 


870 


870 


2610 


12910 


10:00 


870 


897 


870 


2637 


13027 



Ave. 



861 



877 



866.5 



2604 



12932 



Digitized by 



Google 



Digitized by 



Google 



70 



Test Ho* 3 - January 26, 1911 • 



L088«S 



Arm, JEtl^ Lobs 



Time 




Phase 






Grand 


A.M. 


A 

798 


B 


C 


Total 
2420 


Total 


11:30 


824 


798 


13420 


12:00 


870 


897 


897 


2664 


13664 


P.M. 












12:50 


870 


897 


897 


2664 


13710 


1:00 


846 


870 


870 


2586 


13676 


1:30 


870 


870 


846 


2586 


13062 


2:00 


824 


846 


824 


2494 


12934 


2:30 


846 


870 


846 


2562 


13002 


3:00 


798 


824 


774 


2396 


12836 


3:30 


798 


824 


798 


2420 


12860 



Ave. 



835 



868 



839 



2532 



13236 



3:46 
4:15 
4:45 

Ave. 



Test Ko. 4 - January 26, 1911. 



774 774 
824 870 
870 870 



726 
870 
870 



823 



838 



821.7 



2273 
2564 
2610 

2482 



11923 
12214 
12260 

12132 



Digitized by 



Google 



Digitized by 



Google 



LOG 07 ELSCTRIC DATA 
LOW FBBS8URS TUBBO-ALTICRKATOR 

2300/4000 Volts » 60 oycle0» 3 Phase, 
3600 R.P.M., 1250 k.w. 



71 



Teat Vio, 1 " January 25, 1911. 











Amperes 




Volts 


Time 




Pnase 




Phase 


.PJL. 

12:00 


Speed 
3556 


59.2 


A 


B 


C 


A 


B C 


70 


70 


70 


2240 


2240 2240 


12:30 


3555 


59.2 


71 


71 


71 


2270 


2270 2280 


1:00 


3555 


59.2 


73 


73 


73 


2280 


2280 2290 


1:30 


3555 


59.2 


73 


73 


73 


2270 


2270 2280 


2:00 


3555 


59.2 


70 


71 


72 


2260 


2260 2260 


2:30 


3555 


59.2 


73 


71 


72 


2280 


2280 2270 


3:00 


3510 


58.5 


70 


70 


70 


2280 


2280 2280 


3:30 


3590 


59.8 


72 


71 


73 


2280 


2280 2280 


4:00 


3600 


60.0 


73 


69 


73 


2280 


2280 2286 


Ave. 


3559 


59.3 


71.6 


71 


71.9 


2271 


2271 2274 






Test Kc 


>. 2 - 


January 26, 


1911 




.AJU 
















8:00 


3640 


59 


100 


98 


100 


2400 


2400 2400 


8:30 


3540 


59 


99 


98 


100 


2420 


2420 2420 


9:00 


3540 


59 


100 


99 


99 


2400 


2400 2400 


9:30 


3538 


58.9 


96 


97 


97 


2400 


2400 2400 


10:00 


3540 


59 


95 


94 


96 


2400 


2400 2400 


Ave. 


3538 


58.95 


98 


97.2 


98.1 


2404 


2404 2404 
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/ 



Test Ho. 3 • January 26, 1911. 











Amper«0 




Volts 




Tim« 




Fmts* 






Plia0« 




AtM,. 


S£6ed 


Presu. 


A 


B 


.c.. 


A 


..S, 


C 


11:30 


3555 


58.8 


106 


107 


107 


2400 


2400 


2400 


12:00 


3555 


58.8 


100 


100 


100 


2400 


2400 


2400 


P.M. 


















12:30 


3555 


58.8 


96 


97 


98 


2400 


2400 


2400 


1:00 


3655 


58.8 


98 


97 


98 


2400 


2400 


2400 


1:30 


3555 


58.8 


96 


96 


95 


2400 


2400 


2400 


2:00 


3555 


58.8 


97 


98 


99 


2400 


2400 


2400 


2:30 


3555 


58.8 


96 


96 


98 


2400 


2400 


2400 


3:00 


3555 


58.8 


97 


96 


98 


2400 


2400 


2400 


3:30 


3555 


§§.%8 


103 


102 


102 


2400 


2400 


2400 


Ave.. 


3555 


58.8 


98. 


8 98.8 


99.' 


4 2400 


2400 


2400 






Test ITo. 4 


- January 26 


» 1911 


« 




3:45 


3560 


59.3 


63 


67 


67 


2260 


2260 


2260 


4:15 


3555 


59.2 


60 


67 


66 


2260 


2260 


2260 


4:45 


3555 


59.2 


65 


68 


67 


2260 


2260 


2260 



Ave. 3557 59.2 62.6 67.3 66.7 2260 2260 2260 



I 
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T«8t No. 1 - January 25, 1911. 





K.V.A. 


jlndioated 


k.w. 




Time 


Phase 




Phase 






P.M. 


ABC 


A 


B 


155 


Total 


12:00 


167.7 167.0 167.0 


150 


150 


455 


12:30 


161.6 161.6 162.0 


160 


160 


160 


486 


1:00 


166.6 166.6 167.0 


166 


166 


166 


498 


1:30 


166.0 166.0 166.6 


164 


164 


164 


492 


2:00 


158.0 160.5 163.0 


152 


153 


154 


459 


2:30 


166.5 162.0 163.5 


155 


150 


155 


460 


3:00 


159.5 159.5 159.5 


155 


155 


165 


466 


3:30 


164.0 162.0 166.6 


152 


150 


155 


457 


4:00 


166.6 158.0 166.6 


153 


150 


164 


467 



ATe. 162.9 161.4 163.5 156.4 155.2 157.5 470 
Test No. 2 - January 26, 1911. 



8:00 


240 


236 


240 


235 


230 


235 


700 


8:30 


240 


237 


242 


236 


230 


235 


700 


9:00 


240 


238 


238 


235 


230 


235 


700 


9:30 


228 


233 


233 


225 


220 


225 


670 


10:00 


228 


226 


228 


220 


220 


225 


665 


Ave. 


235 


234 


236 


230 


226 


230.9 


687 
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Test Ko. 3- January 26, 1911. 



g.V.A. Indicated k.w. 

Time Pbave Fliase 

A.M. ABC ABC Total 



11:30 


257 


258 


258 


247 


248 


247 


742 


12:00 

P.M. 

12:30 


240 


240 


240 


238 


236 


237 


711 


231 


233 


235 


228 


230 


230 


688 


1:00 


235 


233 


235 


228 


230 


230 


688 


1:30 


231 


231 


228 


222 


225 


225 


672 


2:00 


233 


235 


238 


226 


230 


230 


686 


2:30 


231 


231 


236 


224 


225 


226 


674 


3:00 


233 


231 


236 


230 


230 


235 


700 


3:30 


247 


245 


246 


238 


240 


240 


718 



Aye. 237.5 237.4 238.6 231 232.7 233.2 698 



Teat Ko. 4 - Janxaary 26, 1911. 

3:46 142.5 151.6 151.6 138 

4:16 136 151.5 149 135 

*•** 3-^? 154 161.6 134 

At«. 141.8 152.3 150.6 136 148 146 431 



145 


150 


433 


150 


146 


430 


160 


145 


429 
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Test So, 1 - January 25 » 1911^ 



Tlm« 
PJL 



Power gactor 
Ptaaee 
B 



K,W,H> per Hour 
Phase "" 
ABC 



Total 



12:00 


96.5 


96.5 


98.4 










12:30 


99.1 


99.1 


97.6 










1:00 


99.6 


99.1 


99.6 


164 


162 


164 


490 


1:30 


98.8 


98.8 


98.2 










2:00 


96.2 


95.2 


94.5 


158 


158 


157 


473 


2:30 


93.0 


92.6 


94.8 










3:00 


97.2 


97.2 


97.2 


168 


159 


160 


477 


3:30 


92.7 


92.8 


93.2 










4:00 


91.7 


95.0 


92.3 


166 


157 


167 


470 


Total 








636 


636 


638 


1910 


Are, 


96.0 


96.2 


96.1 


159 


159 


159.5 


477.5 






Test Ko. 2 - 


January 26, 


1911. 




A.JL, 
















8:00 


97.8 


97.2 


97.8 










8:30 


97.8 


97.0 


97.1 










9:00 


97.8 


96.7 


98.5 


230 


228 


231 


689 


9:30 


98.7 


94.2 


96.1 










10:00 


96.8 


97.2 


98.6 


229 
458 


224 
452 


230 
461 


682 


Total 


1371 


Ave. 


97.8 


96.5 


97.6 


229 


226 


230. 


6 685.5 
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Test No. 3 - January 26, 1911. 



Power Factor 
Time Phase 
A.M. A B C 



g.lr.H. per Hour 
Ptaase "*" 

B C Total 



11:30 


96 


96 


95.3 










12:00 


98.9 


98.5 


98.3 










P.M. 
















12:30 


98.2 


98.7 


98.0 


242 


242 


240 


724 


1:00 


98.1 


98.4 


97.3 










1:30 


96 


97.1 


98.8 


240 


238 


238 


716 


2:00 


96.2 


97.6 


96.3 




. 






2:30 


96.7 


97 


95.7 


240 


240 


238 


718 


3:00 


98.6 


97.8 


100 










3:30 


96.2 


97.6 


97.6 


242 
964 


240 
960 


242 

958 


724 ■ 


Total 


2882 


Ave. 


97.2 


97.6 


97.5 


241 


240 


239 


720.5 






Test 


Ho. 4 ■ 


• January 26, 


1911. 




3:45 


98.9 


99.4 


99.6 










4:16 


99.2 


98.6 


97.2 










4:40 


91.2 


97.3 


96.0 


140 


143 


143 


426 


Total 








140 


143 


143 


426 


Ave. 


96.8 


98.4 


97.6 


140 


143 


143 


426 
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77 





Field 


Sxciter 


yield 
BI 


Rheo- 


Time 






^rr.H. 


stat 


I*-»t 


Volt Amp. 
44 52 


Volt 
115 


]per hr. 


lose 
2268 


lose 


12:00 


3697 


12:30 


44.5 52 


117 




2314 


3768 


1:00 


46 53 


119 


6.15 


2385 


3927 


1:30 


45.5 52 


122 




2366 


3979 


2:00 


46.5 52 


122 


6.36 


2418 


3927 


2:30 


46.6 52 


122 




2418 


3984 


3:00 


47 62 


123 


6.4 


2444 


3956 


3:30 


47 62 


123 




2444 


3956 


4:00 


47 62 


123 


-«.^ 


2444 


3966 


Total 






26.3 






AT6. 


45.9 52.1 


120.6 


6.36 


2390 


3900 



A.M. 



Test Bo. 2 - January 26, 1911. 



8:00 


49 


58 


122 




2842 


4243 


8:30 


50 


58 


120 




2900 


4060 


9:00 


51 


58 


120 


7.0 


2958 


4002 


9:30 


51 


58 


120 




2958 


4002 


10:00 


52 


58 


- 121 


7.0 


3016 


4004 


Total 








14.0 






Ave. 


50.6 


58 


120.6 


7.0 


2935 


4062 
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Test Ko. 3 - January 26, 1911. 







Field 


Exciter 


Field 


Bheo- 


Time 










K.W.H. 


Stat 


A.M^ 


Volt 
51 


Amp. 
58 


Volt 
125 


Per hr. 


l088 

2958 


lO80 


11:30 


4292 


12:00 


52 




58 


125 




3016 


4234 


P.U. 
















12:30 


53 




58 


126 


7.3 


3074 


4226 


1:00 


53 




58 


127 




3074 


4291 


1:30 


53. 


5 


58 


119 


7.0 


3103 


3799 


2:00 


54 




58 


119 




3132 


3730 


2:30 


54 




58 


119 


6.9 


3132 


3730 


3:00 


54 




58 


119 




3132 


3730 


3:30 


51. 




58 


119 


6.9 


3132 


3730 


Total 










26.1 






Ave, 


53. 


2 


58 


122 


6.52 


3083 


3968 



Test No. 4 - January 26 » 1911 



3:46 
4:15 
4:46 


47 
47 
46 




52 
52 
52 

52 


120 

121 
121 

120.6 


6.3 

6.3 
6.3 


2444 
2444 
2392 

2426 


3806 
3856 
3908 


*otal 
Ave. 


46. 


6 


3867 
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Test l?o. 1 - January 25, 1911« 



108868 





Arm 


. Rl2 


Loss 






Time 




Thast 




Grand 


P.M, 


A 


B 


C 


Total 
381 


Total 


12:00 


127 


127 


127 


6366 


12:30 


131 


131 


131 


393 


6475 


1:00 


138 


138 


138 


414 


6726 


1:30 


138 


138 


138 


414 


6759 


2:00 


127 


131 


134 


392 


6737 


2:30 


138 


131 


134 


403 


6805 


3:00 


127 


127 


127 


381 


6781 


3:30 


134 


131 


138 


403 


6803 


4:00 


138 


124 


138 


400 


6801 



Ay«. 



133 



131 



134 



398 



6700 



A.M. 



Test Ko. 2 - January 26, 1911. 



8:00 


260 


249 


260 


769 


7854 


6:30 


254 


249 


260 


763 


7732 


9:00 


260 


254 


254 


768 


7728 


9:30 


238 


244 


244 


726 


7686 


10:00 


238 


231 


238 


707 


7727 



Ave. 



250 



245 



251 



746 



7740 
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Test Ko. 3 - January 26, 1911 » 
LoBses 





Arm 


. Rl2 Loss 






Time 




Fbaee 




Grand 


A.M. 


A 


B 


C 


Total 
865 


Total 


11:30 


293 


296 


296 


8135 


12:00 


260 


260 


260 


780 


8030 


P.M. 












12:30 


239 


244 


249 


732 


8032 


1:00 


249 


244 


249 


742 


8107 


1:30 


239 


239 


238 


716 


7618 


2:00 


244 


249 


254 


747 


7649 


2:30 


239 


239 


249 


727 


7629 


3:00 


244 


239 


249 


732 


7634 


3:30 


277 


271 


271 


819 


7721 


Ave. 


254 


253.6 


257 


764.4 


7840 



Test ISO, 4 • January 26» 1911. 

114 114 326 6576 
114 113 320 6620 
119 114 343 6642 

Ave. 100 115.6 113.6 329.6 6612 
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